Abstract -This paper presents an overview of the Advanced Research Projects Agency (ARPA) program on high temperature superconductivity (HTS). This multidisciplinary effort has, since 1987, spent about $22O,OOO,OOO on promoting the science and technology of these materials. Support of many aspects of R and D has been provided to universities, national laboratories and an emerging industrial base. The current program is focused on several promising applications: 1) the development of RF and microwave passive components and subsystems for radar, EW, wireless communications and medical instrumentation; 2) developing digital applications of cryogenic technology both utilizing superconductors as well as semiconductors; 3) contributing to the development of a conductor for power applications, and 4) developing a variety of low-cost reliable cryocoolers that will be the enabler for many aforementioned applications.
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I. JNTRODUC TION
The ARPA effort on HTS is, we believe, the largest single program in the U.S. that has been devoted to the development of the science and technology of these exciting and revolutionary materials. Since 1987, ARPA has supported efforts at universities, national laboratories and industry in efforts that to date total about $220M. Figure 1 shows the program evolution.
. I - The program has had three phases. The first phase which extended from the inception of the program in 1987 until approximately 1991 saw the maturation of the synthesis process for the powder precursors as well as the development of various processing techniques for providing bulk monolithic samples as well as the first useful thin films. The limits of the performance of these materials was being explored and projections as to the quality of various components were being made. This phase of the program supported more than 50 projects at a wide variety of contractors.
F -= --
The second phase started in approximately 1990 and is in its final stages. In this phase various components and simple subsystems were developed. In the RF and microwave area they included components such as filters, delay lines, downconverters, resonators, antennas and antenna coupling networks. In fact many of these were packaged into a satellite payload and were prepared for a launch on the Navy High Temperature Superconductivity Space Experiment HTSSE I. It was also clear that these components in a system or subsystem could have a significant impact on many Air Force and Army applications as well.
This phase also saw the start of a large effort to develop multichip-modules (MCM's) , utilizing traces of the cuprate superconductors for wiring. The advantage of these modules would be the ability to connect a very large array of semiconductor chips with very high pin count, with just two wiring layers, compared to the tens of layers that would be required with copper traces. The final demonstration of a superconducting MCM is slated for early 1995.
In the area of bulk materials, monolithic flux trapped magnets were produced that had potential as clamps for adaptive tooling in the aircraft industry as well as magnets for simple motors. Also in this phase we started a joint program with the Navy to develop conductors based on bismuth-strontium-calcium-copper oxide (BSCCO) powder in silver tube (PIT) for use . U.S. Government Work Not Protected by U.S. Copyright 3204 in a prototype motor for shipboard applications.
The Consortium for Superconducting Electronic was also funded for its second phase and it has been exploring various ways in which AT&T, IBM, Conductus and CTI, in collaboration with MIT, Come11 and Lincoln Lab, can provide a significant technology base for commercial applications. After three years of developing the technology base, they are now in coincidence with the last phase of the ARPA program and will be pursuing two system applications, cellular base stations for wireless communications (See Figure 2 ) and medical instrumentation utilizing Superconducting want" Interference Qevice (SQUID) magnetometers and gradiometers. These very sensitive instruments can non-invasively monitor the heart and other circulatory organs similar to the electrocardiograph. The last phase of the program started in approximately 1993, and will continue until it transitions to a cryogenics program in 1996.One of the most important aspects of this phase is the resources that will be applied to develop a number of reliable, low-cost cryocoolers that will be both electrically and physically sized for specific applications of cryogenic systems. The availability of appropriate cryocoolers will be an important enabler for this technology to make it to the marketplace. Overall, the goal of this phase is the development of a series of system demonstrations as well as some military insertions. The results of this last phase will be a justification for the 9 years of support that ARPA provided to the academic, scientific and engineering community to bring this revolutionary technology to the commercial and military marketplace. Some of the major projects that are being pursued in this third and last phase of the high temperature superconductivity program will be described in the next part of this overview.
YST E M DEMONSTRATIONS AND INSERTIONS
In this section we will describe some of the major efforts currently underway that we feel will lead to significant military and commercial products for the fledgling superconductor industry.
One aspect of many of our existing aircraft is the high degree of interoperability required of many of the electronic systems, that must work together to provide a highly survivable platform. For example, a high-power frequency-agile radar pulse emanating from one antenna might be picked up by a radar-warning receiver (RWR) antenna located nearby on the same aircraft. It is necessary that the radar signal be filtered out from the input of the RWR, so that the circuitry is not saturated. Such a complex, switched notch filterbank is being developed by Superconductor Technologies Inc. (STI) under ARPA and Air Force sponsorship. A demonstration filterbank consisting of 32 contiguous channels, each separately switchable in well under a millisecond, recently has been demonstrated (see Figure 3) . This program will integrate a flightworthy version of these filters into a complete cryogenic package (including cryocooler) that can be directly inserted onto an existing airborne platform so as to demonstrate the efficacy of this approach. The goal will be for the Air Force to commit to buy a superconducting upgrade to its existing electronics. Band pass filterbanks also can be utilized in many other military receivers as preselectors for the signals of interest. For some of these other systems (see radar application below) additional superconducting components are also crucial to enhanced performance Similar problems with interference are being experienced by cellular phone providers. Since every large geographic area has two providers A . and B with interleaving frequency allocations, it is very important that signals from the A provider don't leak into the B band. Non-superconducting filters do this job, but in the process lose part of each useful band and hence lose the ability to serve as many customers as they might with better filters. The superconducting filters can provide significantly better characteristics and hence salvage more of the frequency spectrum that is allotted to each carrier. This can be a very large market for the superconductivity companies if they can meet the cost and performance specifications of the wireless industry.
Stable Oscillators for Radar Applications
The need for better ship defense is well documented, especially in a littoral environment with large clutter associated with nearby land masses. Superconductivity offers the ability to fabricate extremely stable resonant cavities that can ultimately reduce the phase noise of the radar by more than an order of magnitude. These resonant cavities with superconducting walls can have quality factors (Q's) of many million, much more than can be achieved with conventional materials. Westinghouse, in collaboration with NRL will be developing and testing an advanced radar incorporating a superconducting stabilized local oscillator that will form the foundation for a significantly improved radar capability. A diagram showing the HTS components is shown in Figure 4 . 
Cruoelectronics
It has been known for some time that conventional CMOS circuits will function several times faster and with lower voltage requirements at cryogenic temperatures. In fact the original goal of the superconducting MCM effort was to capitalize on this improvement as well as the simpler MCMs possible with superconducting traces, to provide a strong impetus to employ cryogenics for some mainstream electronics. In recent years it has become clear that the impediment to a rapid transition into cryoelectronics has been the perception of unreliable, expensive cryocoolers and the lack of cryogenic capability in the mainstream companies. We have decided to take a more conservative approach and get to the goal of liquid nitrogen temperature (77K) in stages. In order to eventually take full advantage of the benefits of a superconducting MCM, the I/O's of the semiconductor chips must be increased. This can be accomplished using area array connections rather than edge array interconnects which are currently in general use. Furthermore, much needs to be done to optimize the processing of the chips for low temperature operation. Finally some experience needs to be obtained in cooling the circuits reliably. Cray Research and Motorola are tackling the first few tasks related directly to the chips and the semiconductor processing and STI is addressing the cryocooling issue by developing a simple cooled workstation module that will not contain any superconductivity (see Figure 5) . Finally the integration of the cooled semiconductor chips with a superconducting MCM will be undertaken when low enough temperatures are reliably reached. 
Hiph Performance Network Switch
As we begin to fully utilize the Information Infrastructure, and the requirements for high speed transmission and dissemination of voice, images and data expand, there will be the need for a new generation of high performance network switches. Superconducting Josephson Junction (JJ) devices offer an important benefit for such a new generation of switches. These JJ devices have a fundamental switching time of a small fraction of a picosecond and dissipate nanowatts of power. Thus as the requirements increase for high-throughput network switches handling 100's of channels of data at 10 gigabits per second per channel rates, the size, power and complexity of a conventional technology switch becomes overwhelming; the superconducting JJ implementation of such a switch would be quite small and would dissipate watts, compared to hundreds of kilowatts for a semiconductor switch. Unfortunately a mature JJ technology for the high transition temperature cuprate superconductors has not yet been developed. Thus there is a large risk associated with a program that has the goal of demonstrating a superconducting switch based on a JJ technology that is very immature. Like the cryoelectronics program outlined just above, we will tackle this problem in two stages. We will develop a cryogenic switch with improved performance based on cooled semiconductor technology (Tektronix), and in several years when the HTS JJ technology matures (being developed by Westinghouse and Conductus) it will be inserted into the highest performance requirement portion of the network switch, and will ultimately provide the capabilities mentioned above. The evolution of these cryoelectronic options is projected in Figure 6 . For HTS to be a commercial success will require more than just a few demonstration projects. It will require a low cost supply of superconducting films on, large area substrates (24 inches in diameter) that are compatible with further processing into the RF and Microwave components and subsystems described above. We will be supporting efforts to provide the vendors of superconducting films with the necessary tools to become cost effective manufacturers, so that they can truly compete in the marketplace and reap the benefits of this high performance technology.
FundinP
It is always of interest to provide some indication of funding available for new projects, and this is shown in Figure 7 . As indicated in the text, successful proposals will generally be team efforts which are directed toward a system insertion, compatible with commercial opportunities which must support the technology when ARPA funding terminates. Generally, projects selected will be a mix of HTS and cryogenic electronics (CMOS), and must include a packaged cryocooler. Figure 7 also shows that HTS will play a part in emerging programs such as medical diagnostic imagery. Interested parties are advised to begin the process by submitting a white paper, of the order of 2-3 pages, before undertaking a complete proposal. 
SUMMARY
In summary, the HTSC program at ARPA has been pursuing the science an technology of these very important materials since they were discovered and we believe that the field is now poised to make some significant system demonstrations and insertions that will justify the time, money and effort that has been put into this field over the last nine years.
